Electrochemical polymerization of thiophene-based achiral monomer having azobenzene as a chromophore irradiated by circular polarized light (CPL) was carried out to obtain chiroptically active polymer film on indium-tin-oxide (ITO) coated glass. Circular dichroism and optical absorption spectroscopy measurements indicate the samples show chiroptical activity. This result indicates occurrence of absolute asymmetric polymerization by laser CPL.
Introduction
Chemistry and physics of synthetic chiral polymers are among the most intriguing themes related to biochemistry. To obtain chiral polymers, introduction of chiral moieties as side chains [1] , polymerization reactions using chiral catalysts [2] , and polymerization in chiral liquid crystals [3, 4] have been carried out. Chirality of achiral azobenzene derivatives and chirality change of the materials through photo-isomerisation [5] , control of chiroptical activity by irradiation by linear polarized light for axial chiral low-molecular weight compound having azobenzene [6] , and photochemical control of cholesteric liquid crystals by means of photo-isomerisation of a chiral azobenzene moiety [7, 8] have been achieved.
Absolute asymmetric synthesis draws interest in chemistry, physics, and biology.
This theme is related with the origin of asymmetry in living systems. Circular polarized sunlight may have triggered early formation of L-or D-form amino acids for generation of chiral biological compounds [9] . Circular polarized light (CPL) produced in star-forming regions of nebulae may contribute to the production of chiral materials via asymmetric photolysis [10] . Recently, intense CPL from the Orion massive star-formation region was discovered and the origin of homo-chirality by irradiation of CPL in the space was proposed [11] .
This result inspireed our research. We have attempted absolute polymerization under synchrotron radiation at High Energy Accelerator Research Organization in Japan (KEK, beam line-3C section, BL-3C) in 2011, based on consideration of circular polarized light from Orion massive star-formation region [12] . Further study has been carried out on origin of life [13] . In this report, absolute electrochemical polymerization under circular polarized light is carried out.
Control of both chirality of azobenzene liquid crystalline polymers with CPL and photo-induced chirality with CPL for amorphous azobenzene polymer films has been achieved [14] [15] [16] [17] [18] . Chirality induction for polyfluorene derivatives having no photochromic groups in thin film form upon irradiation of CPL was reported [19] .
Irradiation of pulse laser CPL for polymer particle results mirror symmetry breaking [20] . In the case of chiral conjugated polymers, chiral charge carrier referred to as "chiralion" (chiral polarons and chiral bipolarons) has been reported [21] [22] [23] .
In this research, electrochemical polymerization under irradiation of helical laser light to obtain chiral polymers based on consideration of absolute polymerization is performed. In these polymers, the so-called "polymer effect" for enhancement of physical properties by formation of sequential units consisting of low-molecular weight compounds and polymer collectives (aggregates) can be expected. External stimulus such as CPL can produce a bias for chirality in chemical compounds. The small bias of susceptibility from CPL may be amplified through formation of a sequence of monomer units. Therefore, polymerization under CPL can be expected to yield chiroptically active polymers from achiral monomers via the polymer effect. In this study, a thiophene derivative bearing azobenzene as a visible range chromophore is employed, and electrochemical polymerization is carried out under CPL to perform light-induced asymmetric reaction. under argon flow at room temperature. After 24 h, the solution was filtered. After the filtrate was evaporated, the crude product was purified with silica gel column chromatography (dichloromethane) followed by recrystalisation from acetone to give orange crystals (2.37g, Y = 51 %). 1 Hz, 1H, ph).
Polymerization
Electrolyte solution containing monomer was carried out as follows. A monomer 
Results and discussion

Conclusions
Electrochemical polymerizations under irradiation of pulse laser circular polarized light were carried out. Further high-power laser beam may allow producing optically active polymers with intense chiroptical activities. This polymerization leads to "absolute asymmetric electrochemical polymerization". In discussion of homo-chirality in origin of life, small amount of a seed of chirality is important because of high optical yield is not required in the initial stage. Asymmetric photolysis during the polymerization process might be related with origin of chirality of life.
Further research involves adjustment of appropriate laser power for the polymerization, and estimation of degree of circular polarisation of the laser CPL light is required.
